ABSTRACT: Studies were conducted to evaluate the effects of delayed implanting or the use of a lowdose implant followed by a higher-dose implant in feedlot cattle. In the first study, 150 steers were allotted to 15 pens (three pens/treatment) and assigned to a nonimplant treatment (control), a single zeranol (36 mg) implant ( R ) , or a double zeranol implant (DR) administered at the start of a 140-d finishing period, or a single zeranol implant administered at the start of an 80-d growing period, followed by a single ( R R ) or double (RDR) zeranol implant administered a t the start of the finishing period. Steers managed under the DR, RR, and RDR implant schemes had greater ( P c .lo) finishing period gains and intakes than the control steer group. However, only DR and RDR steer groups had improved ( P < . l o ) finishing period feed conversions compared with control steers. In combined growing and finishing periods, the RDR steer group displayed the lowest ( P = .12) feed:gain ratio. In a second trial, conducted concurrently to the zeranol trial, steers that did not receive an initial implant containing 20 mg of estradiol benzoate plus 200 mg of progesterone (SI but were subsequently implanted twice, once at the start of the finishing period and again 80 d later, had a lower ( P < .11) finishing period feed:gain ratio (6.08 vs 6.51) than steers implanted all three times. In a third trial, implanting steers with one-half S vs S, at the start of a 92-d growing period, resulted in improved ( P < . 0 5 ) gain (1.63 vs 1.54 kg/d) and feed: gain ratio (5.86 vs 6.27) in the subsequent finishing period, in which both groups received S, but not over the entire feeding period. Compared with using S alone, as a finishing phase implant, no differences were found in performance or carcass quality from using S in combination with trenbolone acetate. Delayed implanting or using a low-dose implant during an initial feeding period provides performance enhancement in subsequent feeding periods; however, benefits are not great enough to consistently show significant performance benefits over the entire growing and finishing period.
Introduction
and Simms et al. (1988) have evaluated the anabolic effects of zeranol (Ralgro) when used in steer calves throughout suckling, growing, and finishing phases of production. Neither study reported an advantage from implanting steer calves during the suckling period provided that additional implants were administered at regular intervals from weaning to slaughter. In addition, finishing period gains (Lowman et al., 1982) as well as overall lifetime gains and finishing period feed conversions (feed:gain ratio) (Simms et al., 1988) tended to be improved with steers implanted only lJournal paper no. 10288, Univ. of Nebraska Agric. Exp. Sta. 2Funded in part by a grant from Pitman-Moore, Mundelein, IL.
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Accepted October 6, 1993. J. h i m . Sci. 1994. 72:277-282 during finishing periods. In other studies, Zinn (1985) reported that maintenance energy requirements are increased by as much as 18% in implanted steers. Thus, performance benefits may be realized from delayed implanting until cattle are on a higher plane of nutrition or from using lower-dose implants early and higher-dose implants later in the feeding period. The objectives of these trials were to evaluate delayed implant programs and the use of lower-dose implants followed by higher-dose implants in feedlot cattle. In addition, the effect of implanting with TBA in combination with an estradiol implant as a terminal implant will be determined.
Experimental Procedures
A total of 210 crossbred (Continental breeds) steer calves (259 kg BW) were assigned to two groups. One group (Trial x English randomly 1) of 150 steers was allotted to 15 pens (10 steers per pen), whereas a second group of 60 steers (Trial 2 ) was allotted to eight pens (seven or eight steers per pen). In the first group, pens of steers were allotted to one of the following zeranol (Ralgro, Pitman-Moore, Mundelein, IL) implant treatments: no zeranol ( C), a single zeranol implant (36 mg) administered at the start of the finishing period ( R), a double (72 mg) implant administered a t the start of the finishing period ( DR), a single implant administered at the start of the growing period, followed by a single implant administered at the start of the finishing period ( RR), and a single implant administered at the start of the growing period followed by double implant administered at the start of the finishing period ( RDR). Steers were not reimplanted during the finishing period. Steers in four pens of the second group (Trial 2 ) were imnlanted with 20 mg of estradiol benzoate + 200 mg of progesterone (Synovex-S , Syntex, West Des Moines, IA), and the remaining steers (four pens) were not implanted in the growing period. At the start of the finishing period, all steers in the eight pens were implanted with Synovex-S ( S ) ; 80 d later all steers were reimplanted. Growing (80-d) and finishing (140-d) periods for Trials 1 and 2 were identical. During the growing and finishing periods, steers were fed diets containing 11.7 and 11.5% crude protein and 1.05 and 1.49 NE, (Mcalkg of diet DM), respectively. On a DM basis, the growing diet was composed of 80% corn silage, 9.9% alfalfa hay, 7.1% soybean meal, 1.7% dry-rolled corn, and 1.3% vitamin and mineral supplement. The finishing diet was composed of 54.9% ground high-moisture corn, 27.4% dry-rolled corn, 10.7% corn silage, 3.1% soybean meal, and 3.9% liquid protein supplement, which contained monensin (22 mgkg diet DM). Monensin was fed only in the finishing diet.
In a third trial, 121 English crossbred steers (272 kg BW) were randomly allotted to 16 pens (seven or eight steers/pen) in a 2 x 2 factorial arrangement of treatments with four pens (replicates) of steers assigned to each treatment combination. Factors imposed were dosage level (one-half S vs S ) of implant administered in the growing program and implants ( S vs S plus trenbolone acetate; Finaplix-S, Hoechst-Roussel @-Vet, Somerville, N J ) administered in the finishing program. Synovex-C (Syntex, West Des Moines, IA) was used as the one-half S implant. Steers were implanted at the start of a 92-d growing program and again at the start of a 91-d finishing program. During the growing and finishing period, 1.01 NE, and 1.46 NE, (Mcalkg diet DM) diets were fed, respectively. All diets contained 11.5% crude protein. The growing diet was composed of 58.9% corn silage, 24.9% alfalfa hay, 12.0% dryrolled corn, 2.3% soybean meal, and 1.9% vitamin, mineral, and monensin supplement; the finishing diet was composed of 56.4% dry-rolled corn, 28.3% rolled high-moisture corn, 9.3% corn silage, 4.1% liquid supplement, and 1.9% dry supplement, which contained monensin. Growing and finishing diets contained 19.0 and 27.5 mg of monensidkg diet DM, respectively.
Cattle in all three trials were purchased as weaned calves to ensure that no postweaning implants had been administered. Cattle were fed in outside dirt feedlots with a minimum of 25 m2 of area and .5 m of fence-line bunk space available per steer. In Trials 1 and 2, a single full weight was used as the initial weight. In Trial 3, initial weights were the average of weights taken on two consecutive days. Weights taken a t the end of the growing period were all full weights. Hot carcass weight adjusted for a 62% dress was used to calculate final weight, although full live weights were taken the day before slaughter to determine actual dressing percentage. In all three trials, daily gains, daily feed DM intakes, and feed:gain ratios were determined for the growing, finishing, and combined periods. At the time of slaughter, hot carcass weight, fat thickness, percentage of kidney, pelvic, and heart (KPH) fat, loin eye area, marbling score, and yield grade were determined. Fat thickness was measured at a point 314 the lateral length of the longissimus muscle at the 12th rib. Loin eye area was from the llth-12th rib and measured from a grid placed over the loin. Marbling score and yield grade were estimated by USDA officials.
Data were analyzed using GLM procedures of SAS (1985) . In Trials 1 and 2, model effects included implant treatment and replicate with pen used as the experimental unit ( EU). In Trial 1, the least significant difference procedure was used to separate means if analysis of variance indicated statistical significance ( P < . l o ) based on a protected F-test. Also, preplanned orthogonal contrasts were used t o evaluate effects of implant number (single implant vs reimplant program), dosage (36 mg vs 72 mg), and the interaction between implant program and dosage. In Trial 2, differences between treatments were detected by t-test. In the third trial, pen was also used as the EU. Data were analyzed as a completely randomized design for a factorial arrangement of treatments. Interactions between growing and finishing implant program were not detected ( P > .25); therefore, only main effects are reported.
The protocol for this trial was approved by the University of Nebraska Institutional Animal Care and Use Committee.
Results and Discussion
In Trial 1 (Table l) , steers implanted with zeranol had 9.4% greater ( P < . l o ) live weight gains and tended to have improved feed conversion (6.7%) compared with steers not implanted with zeranol in the growing period. During the finishing period, and over the entire feeding period, gains of steers administered a single zeranol implant ( R ) were greater 'Treatments 2 and 3 vs 4 and 5 ( P < .lo).
dTreatments 2 and 4 vs 3 and 5 ( P < .lo).
e,fpgMeans within rows without a common superscript differ ( P < .lo).
hFinishing implant dose interaction (Treatments 2 and 5 vs 3 and 4; P < .lo).
!13 = small minus, 14 = average small. 34 = average Select, 5 = average Choice.
period was 140 d.
( P < .lo) than gains of control steers but less ( P < .lo) than gains of steers in the other implant groups.
Compared to the control steer group, feed intakes were increased ( P < .lo) in steer groups receiving a single 72-mg and more than one zeranol (36 or 72 mg) implant; also, feed:gain ratios were improved, but only in the finishing trial and only in steer groups receiving 72 mg of zeranol (DR and RDR). Over the combined growing and finishing period, differences among implant treatments for feed:gain ratio approached significance ( P = .12). Solis et al. (1989) reported rates of empty body gain and protein gain to be greater when DR (vs R ) was included as a part of an implant strategy. Preston (1984) also reported significant advantages to using a DR implant over an R implant. Steers receiving the high-dose implant (DR and RDR) had less ( P < . l o ) fat thickness and lower ( P < .lo) percentage of KF'H fat than steers receiving the low-dose implant. Compared with control steers, implanted steers displayed lower marbling scores; however, steers that had been reimplanted (RR and RDR) had even lower ( P < . l o ) marbling scores than steers that received a single implant ( R and DR).
Reductions in quality grade and(or) percentage of KF'H fat, due to implanting, have been reported by others (Prior et al., 1978; Basson et al., 1985; Simms et al., 1988; Trenkle, 1993b) . The interactions of the length of time implants are used and dose levels as related to deposition of external, internal, and intramuscular fat are not as well understood.
In the second trial (Table a) , steers implanted with S had 14.0% (.93 vs 1.06 kg/d) greater gains ( P < .lo) and 10.2% (7.55 vs 6.78) lower feed:gain ratios ( P < . l o ) than steers not receiving an implant during the growing period. Delaying implanting until the finishing period had no effect on finishing or overall gains. Differences in feed:gain ratios (6.08 vs 6.51) during the finishing period approached significance ( P = .11) and were lower for the steer group assigned to the delayed implant regimen. However, over the entire feeding period, feed conversions were similar between treatments. Differences in carcass data were not significant.
In Trial 3, steers implanted with S in the growing period (Table 3 ) had greater ( P < .lo) daily gains and intakes than steers implanted with one-half S. However, in the finishing period, steers previously implanted with one-half S had greater gains ( P < .05) '12 = slight plus, 13 = small minus. d4 = average Select; 5 = average Choice and better feed conversion ( P < .05) than steers previously implanted with S. In contrast, Mader and Wagner (1988) found no difference among finishing period performance of steers implanted with R, onehalf s, or S and assigned to either a traditional growing or limit-feeding growing program. However, in the study reported by Mader and Wagner ( 19881, cattle used were purchased several months after weaning. Previous postweaning implant program was unknown; therefore, a clear interpretation of the data is difficult. In the present trials, previous postweaning implant program was known because calves were purchased at weaning.
Dressing percentage ( P < . l o ) and loin eye area ( P < .05) were greater, whereas yield grade was lower ( P < .05), for steers previously implanted with one-half S.
With regard to finishing phase implant program (Table 41 , no significant differences were observed in performance between steers implanted with S or S plus trenbolone acetate ( TBA) . Steers implanted with S plus TBA did have a lower ( P < .lo> dressing percentage than steers implanted with only S. Bartle et al. (1990) and Perry et al. (1991) did not find lower dressing percentages for cattle implanted with TBA, although dressing percentages averaged $3 t o 1.0 unit lewer for implanted than for nonimplanted steers. Compared with nonimplanted steers, the performance benefits of using TBA in combination with S are clearly evident (Bartle et al., 1990; Perry et al., 1991) . Performance changes obtained from TBA in combination with S, compared with cattle implanted with estrogens only, are certainly lower in magnitude than that observed in nonimplanted cattle (Bartle et al., 1990; Trenkle, 199313) and may not always be evident.
The use of TBA with S compared to S alone had no effect on marbling score. At a constant fat thickness, Perry et al. ( 199 1) found no effects of TBA on carcass quality. In studies conducted by Apple et al. (19911, in which cattle among implant treatments were fed for an equal number of days, administration of TBA tended to reduce marbling score. Trenkle (1993131, in a summary of implant studies, showed only slight ( 2 to 3%) declines in percentage of cattle grading Choice that were implanted with TBA and an estrogen implant vs cattle implanted with an estrogen implant only. Bartle et al. (1990) found no effect of TBA on carcass quality.
Although possible benefits to delaying implanting long-fed steers, until 100 to 110 d before slaughter, have been reported (Trenkle, 1993a1 , any improvedelayed implanting (Mader et al., 1985 ; Simm et al., ment in performance due t o delaying implanting until 1988); however, the overall benefit in the total feeding cattle are on high-energy diets tends to be offset by the program is less. Matching implant dose or activity to loss of performance during the period an implant is steer size and performance goals should aid in not used. Numerical, but nonsignificant, benefits have optimizing desired implant response, primarily in been shown in finishing phase feed conversion from finishing phases of production. = 20 mg of estradiol benzoate plus 200 mg of progesterone, TBA = 140 mg of trenbolone acetate. bData adjusted to 62% dress.
CMeans differ ( P < .lo). d13 = small minus, 14 = average minus.
Implications
Delaying implanting until cattle are on the highest plane of nutrition has potential for enhancing performance during the period the higher dose or first implant is used. However, benefits to such a program may not be evident when performance over the entire feeding period is considered. Enhanced gains associated with implants are partially due to enhanced intakes; therefore, improvements in feed conversions are not always observed with aggressive use of higher doses. However, implant strategies that attempt to match implant dose to plane of nutrition could enhance efficiency of feed conversions.
